Microtubule/MAP-affinity regulating kinase (MARK) is activated by phenylarsine oxide in situ and phosphorylates tau within its microtubule-binding domain.
Tau is a microtubule-associated protein (MAP) that is functionally modulated by phosphorylation and that is hyperphosphorylated in several neurodegenerative diseases. Because phosphorylation regulates both normal and pathological tau functioning, it is of interest to identify the signaling pathways and enzymes capable of modulating tau phosphorylation in vivo. Previously, it was demonstrated that in SH-SY5Y human neuroblastoma cells and rat primary cortical cultures tau is phosphorylated at Ser262/356, within its microtubule-binding domain, by a staurosporine-sensitive protein kinase in response to the vicinal thiol-directed agent phenylarsine oxide. The current study demonstrates the presence of a 100-kDa protein kinase activity in SH-SY5Y cells that associates with microtubules, phosphorylates tau at Ser262/356, is activated by phenylarsine oxide, and is inhibited by the protein kinase inhibitor staurosporine. Isolation of individual protein bands from a polyacrylamide gel revealed two closely spaced proteins containing Ser262/356-directed protein kinase activity. Mass spectrometry analysis indicated that these protein bands correspond to the 100-kDa microtubule/MAP-affinity regulating kinase (MARK), which has been shown previously to phosphorylate tau within its microtubule-binding domain. Immunoblot analysis of the protein kinase bands confirmed this finding, providing the first demonstration that activation of endogenous MARK results in increased tau phosphorylation within its microtubule-binding domain in situ.